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DESIGN AND CONSTRUCTION OF TIIE TRYTNM SYSTFMS TEST ASSFMBLY

J. L. Auccrson

University of California
Lon Alamus Sclentlfic Laboratory
Los Alamos, New Mexico  879%4b

ARSTRACT

The Loa Alamos Scientific Laboratory has been
fundd by the Office of Fusion Energy, U.S.
Department of Energy to demsipa, coustruct and
operate  the Tritium Systems Test  Assembly
(151A). The objective of TSTA is to develop
those anpects of tritium teclmology related to
the fuel eycle for fusion power 1eactors and to
develop the envitenmental and personnel  safety
systems required for such a tritiwe facility.
The TSTA schrdule calls fur conatruction to be
completed and the facility to be operational by
the end of FY-1981. The project Is now aumewhiat
pore than halfway tlmough  the design-construction
phias and is curreatly on schedu'e for the 1981
operational milestons. Im this paper the current
etatus  of the wmajor subiyulems  will  bhe
discunasvd, The subsystems  to be  dincussed
include the; Vacuum Facility; Fucl  Cleanup;
Isntope  Separationy  Tranafer Pump;  Emergency
Tritiwa Cleanup; Tritiwm Waste Treatment; Tritium
Moditoring; Secondary Containment; and, the
Muxter Data Acquirition and Contrel Sysntem.

INTROMICTION

In 1977 the Offire ol Funion Ewncergy, US
Department of  Enerpy  funded the  Loa  Alamen
Reientilic Laboratory (LASL) to deaipgn, constyuct
and |]c-rnl(' the Tiitium Systems Tent  Ancenbly
(ISTA) The principle objectives ol the TSTA
FroJect are: (1) denonstrate the fuel eyele (o
funion  power  aystems;  (2)  develop, teat,  and
guwlity equipment for tritiwm serviee §n the
furiun  program; (1)  develop  and  evaluite
prravane]l  and  envivomeental  protection  systen}
(4) pravide a facltity that will vield a rvodiable
data bane for tritimm handling aystems for future
Lunion facEllvies; (%) demonatrate long term waf -
handiing of tritlu with no major releawes m
bneldentny  (6)  dnventipgate and  evaluate the
revponne ol the fuel eyele  and  envitonaeatal
poVagen to nermal, of fenomaly  and  eer popey
sE o anl (Y e lop bt coapan bl
con oacatn having long term veliabilany,

The 1THTA achiedule calls Tor conctraetion to
be copptoted amd 1he facilivy to be opetat fonal
by the ol of 1981, An exinting building at LASL
ha b melifind o howne gl THTA.  'the

"lhir wanl s onuppacted by the Oflice ol Fu-ion
Enerpy, Wl Depariment ol Lhaeepy,

moditications to this building have now becen
completed, Fig. J, and the inntallation of
cqui puent tor apecific  subaystems  is  now
underway.  The project is now somewhat more than
halfuay thiaugh the design =~ conatruction phar:
aml I8 eurrently on  schedule for  Lhe  )98)
operational mileatonee  The goal of the TSTA
project in to provide an exteanive data bane
which will be avzilable (o the denigners of the
first layge-seale deulerium-tritium burning
fukion machin:. Thir may well be the Enginecting
Test Facility (ETF) o the International Tokamak
Reactor  (INTOR).  The ETF concept 58 currently
being developdd through the ETF Denipgn Cenier at
Dak Mdrv Oplimiatic eatimatesn indicale thal an
ETr could be operational in (he 194911992 (ipe
prriud.  Thix would require a detailed design
phare in the 1983 1987 period.  For TSTA te make
a aignificant contribution tn the LTF dara base
requites that TSTA become nlu-rnliun-ul by the end
of 1981, The INTOR  project i a Joing
international eftort involving the inited States,
Japan, Russia aud the Furupean Comamity,  The
goalw aud objectives of EIF aud IR mie quite
rimilar.  Cwreatly, the four IRTIOR participant.,
are  cngapged  in A aerien  of wvorhshop  and
conceptnal  design weetings, Realintically, one
el predict that INTOR eould be built on o«
Lime acale any more oplimistic than 1hat being:
discuaned for ETF.  Theiefore, the TSTA achedile
as currently planned will provide the aecernary
tota bane for UNTOR.
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In this paper the current status of ecach of
the major subsystems will be discussed along with
some diacussion of the current design of the
various subgystems.

SYSTEM DI .SCRIPTIONS

The TSTA will consist of a large, interactive,
gas, loop, Fig. 2, vhich can simulate the proposed
fuel cycle for a fusion facility. There will, of
couran, not be a reactor torus, but this will be
simulatnd by a vacuum vessel into which is
introduced gas mixtures at the composition and
pressurea prudicted for an actual reactor torus
at the end of a furn cycle. This gas mixture,
primarily (D,T)2 containing a variety of
impuritics, must be evacuated through a
prototypical vacuuw aystem, the impuritier romoved
from th: (D, T)y) and imotopic  separatiin
prrfurmed to  produce Dy, Ty aund DT.  These
resultant gases will then be the fuel components
injected into the reactor (vacuum vessel) in
anticipation of the next burn ceyele.  The pan
loop ia depigned to handle up to 360 g moles per
day of DT. This flow will provide cycle
op-rating expericnse on a acale that in similar
to that currently being considered for ETF and
INFTOR.  Alony, with the gar loop are all of the
rafety amd experimental systems associated with
such  an extensive  tritium  facility, To
uecemplizh the goals of the prograw will requipe
an on-site tritium inventory of approximately 150
ke The design and current status of the major
STA subsyslewn are dirtunacd below.
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Fipe 2. The TSTA 'rocean Loop nhowing Hu'u"y"l.-m
Intera Liona

Vacuma Faoddity (VAC)  This nyntemn conainte
o A large va wmn v oounel owith o annociated  doet
Fevhimg, to the v poa o being ovalogytod G
un in the funion  propgram, Threo  vryn bl
Voo pimps A bedng evaluated ont TRTA O A
vanlhilates Lo the priuary  vae prmps o a
fuion e Y, Thene are alld "|'|||||||. wp (Y (CTRRTEY
fir tha?! they me twe ptape. dnoall thiee oy
thee Lir b wtace ju crsocon bt ion af wlpoesn
ou o ctal e faee coaled to o pear liguid
b Tiny tepperaturess Thic will pusp all of  the
|||,-||-|,l.-|| il|I|II|'I" . Dl e st Py hoetlum, In
the fivee rle puo oy Foge 4y aide by ALY,

the helium is pumped by cryosorption on a
molecular sieve surface cooled to Jiquid helium
tewperatures. A second pump, being developed at

Brookhaven  National Laboratoryd y  will pump
heliwm by Fryolnrprlon on a charcoal surface
tooled to liquid helium temperatures. The third

pump, being developed at the lavwrence Livermore
Laboratery, will pump helium by cryotrapping. A
punp very similar to that being built for TSTA by
LLL. has becn described by hatzer, et al%,  Here
a fine spray of argon gas will be injecred intu
the pumping arca and will condensc as a solid on
a helium cooled netal surface. The helium gas
will be trapped, thus pumped, by the argon ice
formed on the cold curfacc. To date only the
firsl of theae three pumps has been buill and js
currently undergoing teste.  With thia pump it
har, been demonstrated that a compound pumnh can
sirul tancously pump helium and hydrogen
isntupea.  The separation of hydrogen on  the
condensat ion panel from helium on the eryusorplLion
pancl ia extremely sharp,  This separation can be
maintained by ecareful temperature and  pressure
contrel during regeneration.  The helium panci is
firat vegenerated and the cryocondspnsation pane)
can then be warwed to remove hydrogen from the
pump.  Complete eviluation of this pump plas
rv.nll_l.'lliun Leste on the gemaining two pumpr will
cont inue,
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were present in the hydrogen isotope stream they
vould frecze out and plug tha low temperature
diatillation columns of the Isotope Scparation
System. The FCU must not only separate (D,T)y
and (u,n,T) from the reactor of offpas
contaminants, it wmust also recover as (N,D,T)y
all of the hydrogen iaotup.,s that are chemicully
combined with other atoms in the reactor ofigas,
i.e., C(H,p,T)4, N(N,D,T)3 and (N,p,T)y0.
Table 1 shows the predicted feed sticam flows to
the FCU. The hydrogen molecules can be separated
from the other molecular species by adsorbing the
impurities at 75 K on a 5A molecular rieve. (The
tritiated ammonia and water are frozen out of the
offgns prior to entering the wmolecular sicve).
The nred to regenerate the molecular sicve
requires additional processing. Thes ~
considerations have led two proposed processing
schemen. In onc system a hot metal bed (Uranium
at 1170 K) front-end removea carbon, nitrogen and
oxygen in  the feed stream by conversion  to
uranium carbides, nitrides and oxides und
releasing the associated hydrogen isotepes as
gAY . The wuranium  will periodically  becone
saturated with impurities and have ta  be
replaced.  The accond front--endl syetem has a
catrlytic reactor to cunvert any free oxygen in
the feed ostream to  (D,T)0 which is  then
removed along with the ammonias and  carbon
dioxide by freezing. These  two  front-end
pi-kages would be operated alternatively. Each
front-end aystem i baclad by a cryopenic package
where avgon anl any s'er trace Qwmpurities are
remaved by adsorprion on maleculuar sieve, thus
producing a pure stream of hydrogen isotopes to
ford the isotope separation aystem.  The FCU s
di<cusked in detail in a smeparate paper at this
coufervnce?,
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Fig. 4.
Column

Flow Miagram for the JSS Distillation

twe  mysteme for storiug  gas  evolved fvom
vaporization of the hydiogen lignida,  First, a
lavge rurge Lank ds provided that vill allow the
tatal contents of the IS8 to be stured ar a gan
at a pressure Jesn thae 100 pai,  Scecond, cach
colvo, has accese to a vessed filled with uranio,
pow.' - which can hydride the gascour  hydiogen
ieote, = and thus etere thew an solids, The
contra o of  each calumn ean thue  he  grored
individaally during poricle  of planned shutdown,
The 185 is totally under donble containent.  The
distiilation eyatem in now ensentiolly fabiicated
mud Lthe dnitia) performam e tests on the column:
viil bepin in carly May 1980 with delivery to
TSTA wcheduled fu June 1950,

Table

Iapurity Gas Loal tor THTA
(hased on W60 p moler/day DT {low,

Element Mol X_ ... Species . Grawa/day
Re 2 -2 Re 29 . 790
H 1 In, ur, U, 7
c 0.02 - 0.1 e(DT)g, Cp(1,T)a, €O, 1.7 - v
N 0.1 N(D.T3, Ns, CN, NO, 10
0 0.5 ,T)z0, cuy,y Oy 5/ .
Ar 0.00006 - 0.05 Av 0.17 - 1A

Isotope  Separation System (185) AU THTA
cryugn-nh fractional distiilation™7 {a being
uned  for hydrogen faotope geparation. A system
utiliving four interliuked column with chemical
equitibrators locate! hetween colunnn 1 oand 2 and
between  columns 2 and A4, Fip. a4, hee been
designeds  The pystem in onized to Wandle th full
flow appromiate to ETI or INTOR; i.e. 300 molen
DT per day., It will alao handle the wimalate!
flow from the neutral beam channel voecoum pumps
(n 275 walew Dy per day). The figure wliows the
flow path: and purition of the major component jn
each af the fowm output mtreams, Refyiperat ion
will he  aupslied by A ceutial cryopenia
refriperator providing heliun pas At w20 ¥ 1
even'  of lonwn of vefriperation the 185 conturne

Transter Pumpe CEPUY 0 Jhe draas fer punp at
THTA will  puovide cireulation  and transpont
for mixtwen of hydvagen and heljun FTEOLOPeL i1om
ane portion af the flow loop to ancthe,, An
var by decision wan geade that  oatd procecn wetted
Corapint o of e, o Py wa Y o et
inert canbon conutiuciione Mechanicg! melien ol
fatermal pao e in tyanamicted by flexible moral
meshianca (apheaps o hollows), by mapnet i
tranmmiedon Coanoe b motorn)y o0 by papaetinoally
covntined  wealantn (Forpoflund ), A puap whi h
e et ool the THIA pas Braneter pegquineent -
i T webal L] Do e p M b MV Gudy
oetbac bl by Meral Y bowes Corg e Sharon, MA)Y
which dneotpar sten a0 peptace abie gl teta' (hedd



valve asgembly di-sipucd and  tested nt LASL.  Tine
basic pump has two heads, which cau be plumbed to
ope.ate in Rerivs, in panallel or indepoudently.
Figare 5 isx & conceptual drawing of the TSTA
retda]l  bellow. transfer puup housed in  the
sccondary  containment  plove bhax. Grher  pumpa

Fiso 9 Draving of a Transfer Pomp Unit with
Sucomni sty CGonl.ainr: nl

unrice consid re non inclule an nll met al
helloor weaded st oinless wteel-peroll puap awl a
coued-nator, Feriofluid-sealed  Roots blower.
Thene  picps have all been procuced and are new
bering te-red and dustalled at TSTA.

Foergency Trithes Cleanup (ET0) This systen
will provide precessing of all of the aiv in TSIA
in the evegt ol a paseour tritive, telease to the
f...iiily“. The syntew will recover most of the
retvane ! tvitiuy, thas reducing  losses  and
erviters ol depact. The THIA cell coutains
Wno mY el bailding  atwesphere which  wonld
beror  cont i inated with tritimm in the evenl an
accident  cauned  the  primary  and  saecondur y
containeents o be breached, The flw 1ale
thioewgh Bl KIC i 0.6% m'/aev.  The PR will
b an aatomatically actuated rooen i
detritiwtion eystem hased on @ preciona petal
citalytiv pevonbhine where hydiogen inatopen are
onidized to water.  The water is then collectad,
pratly asn ligqaid water and by adsorption on
walevnlar winve bela, The flow path fm pas
thiowgh the MO s ahown e Fig, 60 A 100 g iy
«pitl ante tur facility would pive an dnitial
comentration of Y19 Ci/m’ in the eell.  The
ETe i deigned 1y tehiee the qomn leve]
an x 100" Cijmt within 26 howtn.  The ETC ban
been desipgned at TSTA with dwlividul conponcat s
putr bl l by LASL.  The asseably anl installation
of thewe cory ments,  including  inntimmentation,
19 heing done by LASL.  The ETC eguipnent has all
been procme? awd the duataliation of thiz avstem
plet o,

[ LIEN B
Tritivum Wouste Tredatment (TWE)  Thin ryuten
provites  aemtine  pre ssaing of o all o paseon
eflilwntn peaniated at TSTA to pewove Lritiom
froe= thea eftluenta betore they e 1 loaaed te
the  mrvitements  This syetem din bawed on the

dvire ol n oaimitar aystem whivh he b
nperatyng fn five Vl'-”'-l' aned Wi o

devcnn b by Naiae 10 Gy, Aepardte prpe al
thi. (ot The TWI it dewppned tn upreralee

at a flow rate of 15 or 60 refm depending on the
gan load at the TWI inlet.
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Fig. 6. Flow Diagran o the Exerpeusy Trif i
Cleanup Systes

The Ter i+ o compater-actuated aad control led
tritium reroval  pystes that operates by the
catalytic conversion of all hydrogen igctopes in
the dupa! stieas To water ond orpanic maleriale
to water and b diorides Davpen lecol wi )
antocatically be maintained dn the evater ne
eufficient levels to enswme catalytic conve;sjon
uf all hwdropen  dsotopes to uwaled, Water
prsvrated by these proverses wiil be aduorbedd oo
molecular nieve.  The remiining pa effimeat
will then be discliaee ! o the ateocjhers throsgeh
the buitding ventilat v on eystes aftor @t b b on
determined that the rritivg hasn been remave? Go
the as low ar partacable Jevel,  Figure 7 in o
flow chert fer the TWl.  Ax wilh The BT, tle
TUTA  ataff  haw  desivoaed  the Ty pues loeeed
individual cowpmente for ausenhly inte the ;ipsl
eysten,  This w o proteed pachey than buying g
preanse e WD eckape from o ging e supplaer,
All ol the coaponrats for the W are now
inatalled at TRIA.  Fiaal piping ! eleatrioal
contections mre bheing wede mnd b avaenm wild
then be avady far teating.
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Tritiun Monitoring (TM) Tritium monitoring
instrasentation will perform arveral key
functions including quantitative detevuination of
stack releancs, asauranc.: of personnel  aafety,
initiation of cleanup of experimental rooumv and
sccondary containaent voluwmes following tritium
releacos, monitoring and controlling the
operation of the main prucess loop and the
cleanup systemr., and monitoring the performance
and rcsults of the experimental contamination
studics program. Most of the monitors will be
flow-through ionization chambers with redundancy
provided for critical sitnationa., The mouitors
will, for the mosat part, te similar Lo currently
available standard tritium instrumcntation,
Major diff{erences may includs gpuecial sensors
(e.g., plastic acintillatora) required for line
monitors and alpha-rejection circuitry to
increase sensitivity and melectivity. All of the
monitoring equigasrnt  for TSTA has  now  been
defined!l and is being procured and installed
at this tion.

Becondary Containment  (SEC)  The philesophy
at TSTA is to dwubly contain all copponents of
the primary fuel proceas loop wherev'r trilium
could conceivably be  released in multicwiic
quantitics, poring significant hyzmds to vorkers
and  the  environment. Secondary  containa nt
concepta being applied toe  157A include
double-wall piping and components, pioveboxes ot
oti'r large volumes  houning tritium-wetted
copuncuts and the uer of integral vacuuwn jaciceta
ar und eryogeaic components.  The vacoum  jacket
he'ps  proviite thermal  isolation  an well  ans
pr .1ding sccondaiy containment. Tuitial yplann
did not call for mevondary containment of the VAL
facility am it v . [felt that the primary
containers  (vacuwn  tank  and  ciyopenic  Lunp-)
eonld be deaigurd with an adequate mafety factor
tu virtually elininate the risk of a releaw:s.
Thia decinion im currently being 1eviewsd and
conceptn for providing secondary containment of
VAC are  being investigated. In all otl.
subsystemf of the main fuel proceas loop th
secondary  containment  is being  designed  and
installed with the aubayntem.

Exper imenral  Contamination Studie.  (XCS)
Thia will be & small laboratory at TSTA dediceted
to the study of eeveral aspects of tritium
contrmin-tlon/decontamination. Luc Luded ave
plans t: atudy the performance snd efliciency of
a small tritiwn cloanup, gan detritia’ion ayet-m;
tu study murfare contamination, outgassing and
perreation propertiea of conatrurtion materiala
(vaud, conerete, ateel,  ete.)  and  wurface
cnatings (epany paint, latex paint, ete.)} to
atwly contamination and outgansing piopertieon of
moradle, gty o and plarte s wesl in triting
containm ot  cysatene; to study the aelationshp
betwoen total tritivm in A material and @t
woamied by aurface aurvey probe and by wiping
rewoveahle  trithumg to  atuldy  pethada of
decon mination; aml, to atuly par  conversion
rat: of Ty and DI to the onide Tooms doring
realy:tir roleane witurtions,  The LG8 will b
houped in a peparate laboratoy 1oom at o TSiA,
The reem in desigoed no that It can be completely

scaled-off from the reat of the facility. This
roomn can then be used for evaluation of the ETC
by deliberately releasing tritium jnto the scaled
rourt. Under there conditions the ETC, operating
at 252 of normal apeerd will be used to Z2etritiate
the XCS room. This will he very helpful in
evaluatiug larg: detritiation aystems such as the
ETC. When the XCS experiments have genorated
sufficient data on surtace coatings for tritium
facilities the )CS room will be refinished to
provide the best apparent earface coatings on
walls, ceilings, etc. The tritiua
release/cleanup experiments will then be repeated
by again rceleasing tritium inte the scealed roor
and using the ETC for cleanup., These experimenrs
will be very valuable in choosing coustruction
waterials, surface coatinps, eote. for futuce
fusion  Aaystew. The  equipmint for thi-
laboratory is  curreatly  being  cesigned and
procurcd and wil! he installed and checked out in
19b1.

Mazter Data Acquisition an! Contrel  (MRAR)
TSTA s deripiond To be o ecnputin contralled
aystem and will net operate fully unler: MoAl e
opcrdational. Lach subsyster, will be able to be
teated without MDAC if necessary, howev-a, at the
preden! Uik 00 de anticipated that the proces:
loop of TSTA will not operate  withoat  MDAC
contiul. MPAT will be designed Lo incarpo;ate
features whivh will minimize potential hazarde to
op rational  personnel,  the  gereral  pablic and
equip~nt. All ddentified hazardavs situatisn
will - wonitored aml controalled by hand wired
interiocks and backed up by the menitoring  of
MDAC. The MbAG will monitor  all  radiation
detectars end  take  apprtopriatse  action  give
alarus, nutifly for evacuation of building, rrc.)
it unsife condiliony are detected. Th
l.lulv-.)'--'l ems ol TSTA will he gelf-pretecting to
inture  apainst compuater  error renullt ire in a
hazatdous operating tmmle,  Koar  cquipeenl whicon
can putentially lead te a hazardeas  situati
during malfom tiova will have bailt-an, absolute
limit  protection 1o dnsure against buth  local
manual amd rerte computer erperr that can resalt
in uneafe o1 hazardous gituations.  Che L. of
equipnent performane:s will he done in o softwar .
The MDA wil! alao monitor inpul cosonlda £y,
critica)l  Jocationt  to  inswe thal  pejtho
openations by wunautharized pe-sonne) na srrors
by authoiized operaters will cooae o havardow
situation. Validat inn check. on compe e,
congdiels will  be pesformed  in o goftwars . The
compter, o Pata Geneaal Eelipeey  han e
prrchased  and ik duetollet anl operating  al
THIA, Comine)  poftware §e currentiy being
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